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A multi-chamber dryer using adjustable conditioned air flow
1s disclosed. According to one embodiment, an apparatus
includes a drying belt configured to receirve a product to be
dried on a first surface of the drying belt and a heat medium
in contact with a second surface of the drying belt. The heat
medium 1s configured to heat the product and 1s maintained
at a pre-determined temperature. The apparatus further
includes a manifold that 1s positioned above the drying belt,
where the manifold 1includes one or more orifices that inject
conditioned air laterally across a width of the drying belt to
remove evaporated water from the product
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MULTI-CHAMBER DRYER USING
ADJUSTABLE CONDITIONED AIR FLOW

The present application claims the benefit of and priority
to U.S. Provisional Patent Application No. 61/791,939
entitled “A MULTI-CHAMBER DRYER USING ADJUST-

ABLE CONDITIONED AIR FLOW?” filed on Mar. 15,
2013, which 1s hereby incorporated by reference.

FIELD

The present disclosure relates 1n general to the drying of
a product. In particular, the present disclosure 1s directed to
a multi-chamber dryer using adjustable conditioned air tlow.

BACKGROUND

In a traditional drying system, the product to be dried 1s
placed on a continuous belt that floats on the surface of a
body of heated water. Heat 1s transterred by conduction from
the circulated heated water directly to the product through a
belt of a polymer membrane. The heated water 1s maintained
at a pre-determined temperature to allow optimum drying of
the product.

However, the traditional drying system utilizes a large
volume of ambient air to remove water vapor released
during the product drying process. The uncontrolled humid-
ity and the temperature of ambient air within the dryer leads
to a wide variation 1n dryer performance and product quality.
For example, a dryer operating in a dry climate performs
differently in a humid climate. Similarly, dryer performance
varies 1n cold and hot climates, and from season-to-season
at the same location.

Furthermore, the traditional drying system increases
water vapor pressure in the product by increasing the
product temperature due to thermal energy conducted from
the body of heated water through the drying belt. However,
the traditional drying system does not reduce water vapor
pressure, increase the temperature of air withun the dryer, or
reduce the humidity of air within the dryer, all of which can
improve dryer performance.

SUMMARY

A multi-chamber dryer using adjustable conditioned air
flow 1s disclosed. According to one embodiment, an appa-
ratus includes a drying belt configured to receive a product
to be dried on a first surface of the drying belt, and a heat
medium 1n contact with a second surface of the drying belt.
The heat medium 1s configured to heat the product and 1s
maintained at a pre-determined temperature. The apparatus
turther includes a manifold that 1s positioned above the
drying belt, where the manifold includes one or more
orifices that inject conditioned air laterally across a width of
the drying belt to remove evaporated water from the product.

The above and other preterred features, including various
novel details of implementation and combination of ele-
ments, will now be more particularly described with refer-
ence to the accompanying drawings and pointed out 1n the
claims. It will be understood that the particular systems and
methods described herein are shown by way of 1llustration
only and not as limitations. As will be understood by those
skilled 1n the art, the principles and features described herein
may be employed in various and numerous embodiments

without departing from the scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, which are included as part of
the present specification, 1llustrate the various embodiments
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2

of the presently disclosed system and method and together
with the general description given above and the detailed

description of the embodiments given below serve to explain
and teach the principles described herein.

FIG. 1 illustrates a cross-sectional view of an exemplary
dryer using a high pressure manifold, according to one
embodiment.

FIG. 2 illustrates a close-up cross-sectional view of an
exemplary dryer using a high pressure manifold, according
to one embodiment.

FIG. 3 illustrates a top view of an exemplary dryer,
according to one embodiment.

FIG. 4 1llustrates a cross sectional view of an exemplary
dryer using a low pressure manifold, according to one
embodiment.

FIG. 5 1llustrates a close-up cross-sectional view of an
exemplary dryer using a low pressure manifold, according to
one embodiment.

FIG. 6 illustrates a side view of an exemplary dryer,
according to one embodiment.

FIG. 7 1llustrates another side view of an exemplary dryer,
according to one embodiment.

FIG. 8 1illustrates an exemplary process for drying a
product, according to one embodiment.

It should be noted that the figures are not necessarily
drawn to scale and elements of similar structures or func-
tions are generally represented by like reference numerals
for 1llustrative purposes throughout the figures. The figures
are only 1mntended to facilitate the description of the various
embodiments described herein. The figures do not describe
every aspect of the teachings disclosed herein and do not
limit the scope of the claims.

DETAILED DESCRIPTION

A multi-chamber dryer using adjustable conditioned air
flow 1s disclosed. According to one embodiment, an appa-
ratus mcludes a drying belt configured to receirve a product
to be dried on a first surface of the drying belt, and a heat
medium 1n contact with a second surface of the drying belt.
The heat medium 1s configured to heat the product and 1s
maintained at a pre-determined temperature. The apparatus
further includes a manifold that 1s positioned above the
drying belt, where the manifold includes one or more
orifices that inject conditioned air laterally across a width of
the drying belt to remove evaporated water from the product.

Each of the features and teachings disclosed herein can be
utilized separately or in conjunction with other features and
teachings to provide a multi-chamber dryer using adjustable
conditioned air flow. Representative examples utilizing
many of these additional features and teaching, both sepa-
rately and 1n combination, are described in further detail
with reference to the attached figures. This detailed descrip-
tion 1s merely intended to teach a person of skill in the art
turther details for practicing aspects of the present teachings
and 1s not mtended to limit the scope of the claims. There-
fore, combinations ol features disclosed above in the
detailed description may not be necessary to practice the
teachings in the broadest sense, and are instead taught
merely to describe particularly representative examples of
the present teachings.

In the description below, for purposes of explanation only,
specific nomenclature 1s set forth to provide a thorough
understanding of the present disclosure. However, it will be
apparent to one skilled in the art that these specific details
are not required to practice the teachings of the present
disclosure.
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The present drying system dries a liquid or slurry product
placed on a continuous drying belt by properly directing
conditioned air laterally across the surface of the product,
according to one embodiment. The present drying system
includes a series of air distribution manifolds to direct
conditioned air and an apparatus to improve product feed
and removal. In one embodiment, high pressure air 1is
distributed through orifices to optimize the drying process
along the length of the dryer. In another embodiment, low
pressure air 1s distributed though adjustable slots, or air
knives, to control drying conditions along the length of the
dryer.

According to one embodiment, the present drying system
conditions air by de-humidifying air within a dryer to
increase a drying rate and reduce dryer air requirements. The
present drying system controls the humidity, temperature,
and velocity of conditioned air to allow the dryer to ensure
consistent product quality. According to one embodiment,
air that 1s supplied to the dryer 1s de-humidified and filtered
to meet a food grade standard or a pharmaceutical standard.
The air volume required for drying 1s reduced by using a low
profile dryer, thus simplifying an air inlet subsystem and an
air exhaust subsystem of the present drying system while
reducing machine cost. The present drying system captures
exhaust air across the drying belt on the opposite side of the
air distribution manifolds and discharges i1t from the dryer.

The present drying system increases and improves a dryer
throughput at steady state operation. The present drying
system 1mproves heat transfer by providing faster water
removal from a product surface on a drying belt, uses a
simplified and less expensive air handling system, and
improves the quality of the drnied product with more con-
sistent drying characteristics.

Description of General Dryer Operation

According to one embodiment, the present dryer includes
a series of drying chambers with independently controlled
water temperature, air flow rate, humidity and temperature.
When a product to be dried on a drying belt enters a first
chamber of the present dryer, the product temperature ini-
tially rises and water evaporation begins a few seconds after
the product enters the present dryer. The present drying
system adjusts air flow 1n the first drying chamber to allow
the product temperature to reach a desired temperature for
evaporation and to remove Iree water that evaporates easily
from the product. The evaporation of bound water within the
cell structure of the product (e.g., a nature product) requires
the majority of a drying time of the product.

The present dryer may include one or more subsequent
drying chambers that are farther than the first chamber from
the entrance of the drying belt, according to one embodi-
ment. A second drying chamber typically uses a lower air
flow relative to the first chamber, according to one embodi-
ment. This reduces an air velocity of the conditioned air and
increases the product temperature. At this point, the majority
of the free water from the product has evaporated. Bound
water and cellular moisture within the product require more
time to pass through the cell walls. The reduced air flow
provides a higher product internal temperature and a higher
vapor pressure. The present drying system allows the prod-
uct to generate sullicient vapor pressure against the natural
tendency to resist the passage of water vapor.

The present drying system includes a moving drying belt
that floats or rides on a bath of heated water (e.g., 60° C. to
100° C.). In one embodiment, the drying belt may float on
a bath of heat transter fluid (e.g., for applications up to 125°
C.). The present drying system applies a liquid or slurry
product to the drying belt as a thin (e.g., less than 5 mm
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thick) layer of liquid. Heat 1s transterred by conduction from
the circulated heated water (or heat transter fluid) directly to
the product through the drying belt of a polymer membrane
to evaporate water from the product. The heated water or
heat transfer fluid 1s maintained at a pre-determined tem-
perature to allow optimum drying of the product. According
to one embodiment, the drying belt 1s no more than 3 mm
thick to ensure a rapid transier of heat energy.

Conduction 1s a rapid and eflicient mode of heat transfer
compared to convection typically used 1n a traditional drying
system. Conduction uniformly heats the product on the
drying belt to a desired evaporation temperature. Evapora-
tion occurs when the water vapor pressure 1n the product
exceeds the water vapor pressure in the surrounding air.
Dryer Air Conditioning,

According to one embodiment, the present drying system
conditions air by reducing and controlling water content
(1.e., de-humiditying) as well as controlling air temperature.
This allows control of the dryer operating conditions to
produce dried products with consistently high quality drying
characteristics regardless of ambient conditions around the
dryer.

The rate of evaporation for product drying i1s determined
by the diflerence between the saturated water vapor pressure
at the surface of a product and the water vapor pressure 1n
the air above the product. The rate of evaporation can be
increased by either increasing the water vapor pressure 1n
the product, or reducing the water vapor pressure 1n the air
above the product, or a combination of both.

The present drying system reduces the water vapor pres-
sure of the dryer air, according to one embodiment. The
present drying system de-humidifies the air within the dryer
that 1s 1n contact with the product on the drying belt. The
present drying system ensures that a continuous tlow of
de-humidified air replaces the evaporating water that is
adjacent to the surface of the product. The present drying
system replenishes the dryer with de-humidified air to
maintain and control the rate of evaporation across the
drying surface of the product and along the length of the
drying belt.

Relative humidity 1s a function of the content of water
present 1n the air and the temperature of the air. The capacity
ol air to hold moisture increases with temperature. When air
1s heated, the relative humidity decreases. According to one
embodiment, the present drying system conditions the air
within the dryer by lowering 1ts relative humidity or de-
humidifying the air. This 1s achieved by reducing the water
content in the air, increasing the temperature of the air, or a
combination of both. The combination of these two param-
eters increases the rate of evaporation 1n the dryer. The water
content in the air may be reduced by the use of one or more
of the following: (a) a chiller that removes condensed water
vapor; (b) a solid absorbent (e.g., silica gel, activated
alumina); (¢) a compressor that causes moisture to condense;
and (d) any other standard technologies known to one skilled
in the art. In one embodiment, the present drying system
heats the de-humidified air to a desired temperature and
introduces the heated de-humidified air into the dryer.

Based on the National Ambient Air Standards (40 CFR,
Protection of the Environment, Chapter I, Part 50, Section
50.3, 1998), ambient air i1s defined as air at a 25° C.
temperature and a 77% relative humidity. The quantity of
water vapor 1n aitr 1s referred to as a humidity ratio, and the
unmit 1s grams of water/kilogram (g /kg, ) of dry air. The
humidity ratio of ambient air 1s approximately 18 g /kg . .
According to one embodiment, the present drying system
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de-humidifies the air entering the dryer to reduce the humid-
ity ratio below 10 g /kg , and preferably equal to or lower

than 5 g /kg . .
According to one embodiment, the present drying system

de-humidifies the air entering the dryer by passing the air
through a chiller to lower the temperature of the air to a
temperature below the dew point when water 1s condensed
and removed. The present drying system cools the air by
using a reifrigeration system. The evaporation cycle and the
condensing cycle of the refrigeration system are used to
achieve the desired air conditioning. Air 1s chilled across a
heat exchanger that 1s the evaporator of the refrigeration
system. Condensed water at the dew point 1s removed to
reduce the water content 1n the air. Chilled air 1s then heated
on the condensation cycle of the refrigeration system to
produce de-humidified air. The present drying system may
subsequently heat the de-humidified air by an additional heat
source before mtroducing the heated de-humidified air into
the dryer. The present drying system may use a cold loop and
a hot loop from an evaporator and a condenser respectively
to cool and reheat the air.

According to another embodiment, the present drying
system de-humidifies the air entering the dryer by using a
solid absorbent (e.g., silica gel, activated alumina). The
present drying system may use silica gel as 1t 1s easily
regenerated by heating. The present drying system passes
the air through a chamber of silica gel. Silica gel of a smaller
particle size 1s typically used as 1t 1s more eflicient in
capturing the water vapor present 1n the incoming air due to
the higher surface area. In one embodiment, the present
drying system uses silica gel between 20 to 40 mesh size.
The air at ambient temperature passes through the silica gel
and 1s de-humidified. The present drying system may further
heat the de-humidified air to a desired temperature with a
heat source before introducing the heated de-humidified air
into the dryer. After the de-humidified air passes over the
drying belt of the dryer, the moisture laden air 1s exhausted
out of the dryer. According to one embodiment, the present
drying system improves energy elliciency by using the
exhausted air at elevated temperatures to pre-heat air to
regenerate the silica gel. The present drying system may also
regenerate the silica gel by an external source of heat energy
(c.g., steam).

According to one embodiment, the present drying system
de-humidifies the air entering the dryer by using an air
compressor. The water holding capacity of air reduces with
increasing pressure. During the compression cycle, water 1n
the compressed air exceeds a saturation point, precipitates
out as a condensate, and 1s subsequently removed from the
compressor. In one embodiment, the present drying system
compresses the air to a pressure greater than 1 bar, prefer-
ably greater than 5 bar and further preferred to be com-
pressed to a pressure of 6 to 8 bar. As the system compresses
and heats up the air to 8 bar and 36° C. respectively, the
humidity ratio of the air reduces trom 18 g /kg , to about
4.6 g /kg ., . Under such conditions, the compressed air 1s
saturated (1.e., relative humidity 1s 100%), and water vapor
above the dew point condenses as a liquid. The present
drying system further expands the compressed air through
an orifice or a pressure-reducing valve and returns the
compressed air to atmospheric pressure at about 28° C. The
humidity ratio remains at 4.6 g /kg, while the relative
humidity reduces to about 20%. The present drying system
may further heat the de-humidified air to a desired drying
temperature prior to passing the heated de-humidified air
over the drying bellt.
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In addition to reducing the absolute water content 1n the
air, the present drying system increases the temperature of
the de-humadified air to increase the diflerence between the
saturated water vapor pressure and the product water vapor
pressure. The de-humidified air may be heated to a tempera-
ture about 30° C. to 120° C. and preferably to about 40° C.
to 60° C. The air that absorbs evaporated water released
from the product has a higher humidity ratio and i1s dis-
charged from the dryer. In one embodiment, the present
drying system recycles the discharged air by de-humiditying
and subsequently re-introducing the de-humidified air back
into the dryer.

The present drying system further conditions the de-
humidified air by passing the air through a high efliciency
particulate air filter (HEPA) with a filter efliciency of at least
99.97%, according to one embodiment. The purified and
conditioned air meets the ISO Class 8 specifications and 1s
suitable for use 1n drying sterile products. The dryer of the
present drying system 1s maintained at a slightly higher
pressure than the surrounding area by using discharge damp-
ers to prevent contaminants from entering and mixing with
purified conditioned air, thus aflecting the quality and com-
position of the fimshed dried product. In one embodiment,
air that 1s exhausted from the dryer 1s filtered to avoid any
product from the dryer from being released into the envi-
ronment.

Dryer Air Flow

The present drying system provides a continuous flow of
conditioned air laterally across a drying belt to ensure that
the air 1s far from saturation (less than 50% relative humid-
1ty), thus sustaining a high rate of water evaporation across
the drying belt. The present drying system optimizes the air
flow across the surface of the product so that the average
water vapor pressure of the air in contact with the surface of
the product 1s maintained low.

The rate of the conditioned air flow across the drying belt
1s determined based on a rate of evaporation, a target average
humidity ratio, and a relative humidity. As the product dries
along the length of the drying belt, the rate of evaporation
changes, and the velocity of the conditioned air changes
proportionally. According to one embodiment, the target
relative humidity ratio 1s below 10 g /kg , . and preferably
between 5 g /kg ., and 8 g /kg , . According to one embodi-
ment, the air velocity 1s between 0.1 m/s and 60 m/s, and
preferably between 2.0 m/s and 10 m/s.

According to one embodiment, the present drying system
provides a manifold at a desired pressure and/or with a
desired air volume based on a type of a product to be dried,
a moisture content of the product, and/or a dryer configu-
ration. For example, the present drying system provides a
mamifold that injects conditioned air at relatively higher
pressure for a product with higher moisture content than a
product with lower moisture content.

In another example, a first drying chamber that 1s nearer
to the entrance of a drying belt evaporates most of the
moisture from the product. The first drying chamber
includes a manifold that injects conditioned air at higher
pressure than a manifold of a second drying chamber that 1s
farther from the entrance of the drying belt than the first
drying chamber. The second drying chamber may further
include a manifold that injects a smaller volume of condi-
tioned air than the first drying chamber.

According to one embodiment, the present drying system
provides conditioned air at a desired pressure based on a
design of the manifold. For example, a manifold waith
smaller orifices injects conditioned air at higher pressure
than a manifold with larger orifices.
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According to one embodiment, the present drying system
introduces conditioned air into the dryer by using either a
high pressure (e.g., greater than 50 pounds per square inch
gauge (psig)) manifold or a low (e.g., less than 5 psig)
pressure manifold. FIG. 1 illustrates a cross-sectional view
of an exemplary dryer using a high pressure mamiold,
according to one embodiment. The dryer 100 includes a
polycarbonate cover 101 that provides a cover and head-
space above a drying belt 104 for the dryer 100, a com-
pressed air inlet distribution manifold 102 that introduces
conditioned air 107 into the dryer 100, a heated medium 103,
and an air outlet 105. The drying belt 104 tloats above the
heated medium 103. The heated medium 103 may include
heated water or other forms of heat transier fluid known 1n
the art. The temperature of the heated water or other heat
transier tluids within the heated medium 103 1s maintained
at a pre-determined temperature. The dryer 100 applies a
liquid or slurry product to the drying belt 104. The direction
of product flow on the drying belt 104 1s perpendicular to the
direction of air flow of the conditioned air 107.

FIG. 2 1llustrates a close-up cross-sectional view of an
exemplary dryer using a high pressure mamifold, according
to one embodiment. The dryer 200 1s a close-up cross-
sectional view of the dryer 100, as illustrated in FIG. 1. The
compressed air 1nlet distribution manifold 102 includes an
inlet air orifice 201 that releases conditioned air 107 1nto the
dryer 200. Although FIG. 2 only illustrates one inlet air
orifice 201, the compressed air inlet distribution manifold
102 may include any number of mlet air orifices.

FIG. 3 illustrates a top view of an exemplary dryer,
according to one embodiment. The dryer 300 includes a
U-shaped area 301, an air inlet manifold 302 that provides
either high or low pressure conditioned air, a keyslot 303, an

air {itting 304, an air batlle 305, a cover support 306, and a
bracket 307. As illustrated in FIG. 3, the direction of

conditioned air flow from the air inlet manifold 302 is
perpendicular to the direction of the product to be dried that
1s moving on the conveyor drying belt.

FIG. 4 illustrates a cross sectional view of an exemplary
dryer using a low pressure manifold, according to one
embodiment. The dryer 400 includes a polycarbonate cover
401 that provides a cover and headspace above a drying belt
404 for the dryer 400, a low pressure air inlet distribution
manifold 402 that introduces conditioned air 407 into the
dryer 400, a heated medium 403, and an air outlet 4035. The
drying belt 404 floats above the heated medium 403. The
heated medium 403 may include heated water or other forms
of heat transfer fluid known 1n the art. The temperature of the
heated water or other heat transfer fluids within the heated
medium 403 1s maintained at a pre-determined temperature.
The dryer 400 applies a liquid or slurry product to the drying
belt 404. The direction of product tlow on the drying belt
404 1s perpendicular to the direction of air flow of the
conditioned air 407.

FIG. 5 1llustrates a close-up cross-sectional view of an
exemplary dryer using a low pressure manifold, according to
one embodiment. The dryer 500 1s a close-up cross-sectional
view of the dryer 400, as illustrated 1n FIG. 4. The low
pressure air inlet distribution manifold 402 includes an nlet
air orifice 501 that releases conditioned air 407 into the dryer
500. Although FIG. 5 only illustrates one inlet air orifice
501, the low pressure air inlet distribution manifold 402 may
include any number of inlet air orifices.

According to one embodiment, the present drying system
controls the quantity of air that 1s imjected into the dryer by
adjusting the headspace above the drying belt and below the

rootl of the dryer. A lower headspace volume reduces the
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quantity of air that 1s required to be conditioned per unit time
at the desired air velocity. The reduction of the headspace 1s
limited by a practical space required to convey the product
on the drying belt. According to one embodiment, the roof
of the dryer 1s less than 800 mm above the drying belt and
preferably between 10 mm and 100 mm above the drying
belt. The roof of the dryer may be fitted with a transparent
material to allow visibility and sampling, according to one
embodiment.

FIG. 6 1illustrates a side view of an exemplary dryer
assembly, according to one embodiment. The dryer assem-
bly 600 includes an air manifold 601, an air fitting 602, a
polycarbonate cover 603, a port 604 for an air pressure
gauge, a keyslot 605, an air baflle 606, and a U-shaped area
607.

FIG. 7 1llustrates another side view of an exemplary dryer
assembly, according to one embodiment. The dryer assem-
bly 700 includes a cover support 702 with one or more
keyslots 701, a polycarbonate cover 703, a bracket 704, a
dryer 705 within the polycarbonate cover 703, and a drying
belt 706. The polycarbonate cover 703 includes multi-wall
poly carbonate panels that form a part of the dryer assembly
and cover the top surface of the dryer assembly 700. The
edges of the poly carbonate cover 703 are supported by the
air shelf cover support 702 that provides a structural tie
between the air distribution manifold and the panel support
structure on the product vapor discharge side. The polycar-
bonate cover 703 prevents the entry of ambient air that may
introduce undesirable contaminants. The polycarbonate
cover 703 aids the control of conditioned air from the air
distribution manifold across the drying product on the
drying belt 706. According to one embodiment, the pressure
within the dryer 7035 1s maintained at a positive pressure of
at least 16 Pascal (Pa) above the pressure of the surrounding
area around the dryer assembly 700.

Dryer Air Distribution Systems

According to one embodiment, high pressure air 1is
directed into the dryer through orifices 1n a common mani-
fold. Referring to FIG. 2, the compressed air inlet distribu-
tion manifold 102 includes the inlet air orifice 201 that
injects high pressure air into the dryer 200 between the
polycarbonate cover 101 and the drying belt 104. High
velocity air passing across the drying belt 104 reduces the
cllective height of air flow above the drying surface of the
product.

The inmjected air from the inlet air orifice 201 flows
laterally across the drying surface of the product. The air
flow rate, humidity, and temperature may be adjusted 1n each
manifold depending on the product liquid matrix (e.g., low
solids concentrate, high solids puree) by varying the number
of orifices and line pressure.

According to one embodiment, conditioned air 1s 1ntro-
duced 1nto the dryer through a series of orifices connected to
a common manifold placed along the length of the dryer. The
common manifold has several variable orifices that control
air tlow.

In one embodiment, air velocity i1s controlled by opening,
and closing orifices and by adjusting the air pressure in the
manifold. The velocity and volume of the conditioned air
can be adjusted for each dryer chamber within the dryer. The
orifices are designed in such a way that the size of the
opening can be varied, which in turn controls the overall
quantity of air tflow at any point along the length of the dryer.

In another embodiment, a sliding screen may be used to
adjust air flow by partially or fully covering the orifice
pomnts. The air flow pattern may also be controlled to a
predetermined pattern of orifices with a predetermined size,
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shape and frequency permanently fabricated into the mani-
fold. According to one embodiment, the air in the manifold
may be at a pressure between 10 psi to 130 psi, and
preferably between 15 psi and 60 psi.

According to one embodiment, the orifices are designed
without sharp edges. An orifice with a sharp edge tends to
create eddies that disturb air flow close to the surface of the
drying belt and increase the overall eflective height of the air
stream. Referring to FIG. 2, the inlet air orifice 201 1s
designed 1n such a way that the angle of incidence of the air
stream over the drying belt 104 1s no less than 40 degrees,
according to one embodiment. The range of incident angle
suited for effective drying 1s between 40 degrees and 85
degrees and preferably between 60 and 80 degrees, accord-
ing to another embodiment.

The jet of conditioned air flow from the orifices may have
a tendency to disturb the position of the drying belt or the
heated water circulating underneath the drying belt. The
present drying system avoids disturbing the position of the
drymg belt and the heated water by including a screen that
1s placed underneath the orifices and extends out beyond the
edge of the drying belt. This screen guides the flow of the
conditioned air from the orifices while preventing the con-
ditioned air from disturbing either the water underneath or
the position of the drying belt itself. If the conditioned air 1s
directed laterally across the product surface, it may cause the
drying belt to lift up due to the low pressure of the condi-
tioned air stream. Both excessive air velocity and a mis-
direction of the airflow may cause lifting problems with the
dryer belt.

The conditioned air that 1s mnjected by the orifices picks up
moisture as 1t reaches the exhaust end across the width of the
drying belt. According to one embodiment, the present
drying system discharges the moisture laden air using a duct
system. Several branch ducts originate along the length of
the dryer on the opposite side of the air mnjection manifold.
These branch ducts connect 1into a main exhaust duct that 1s
connected to a suction end of a centrifugal blower. Air tlow
control dampers at each chamber balance air flow across the
dryer. The exhaust air 1s filtered through at least a 5 micron
s1zed filter to avoid any product from being released into the
atmosphere.

By controlling the extent of opening of the orifices in the
inlet air manifold and the position of the dampers 1n the air
exhaust branch ducts, air flow can be adjusted across the
dryer to a desired set point. Balancing the blowers and
dampers allows the dryer to be maintained at a slight
positive pressure relative to the atmospheric pressure. This
ensures that contaminants do not enter the dryer and mix
with the punified and conditioned dryer air.

According to one embodiment, the air flow along the
length of the dryer 1s distributed through a series of low
pressure ducts placed along the length of the dryer. Condi-
tioned air 1s itroduced into a dryer from one side and
exhausted to the opposite side by flowing laterally across the
product surface. Air 1s delivered to the dryer from a main
duct that runs along the length of the dryer. Branch ducts are
drawn from the main duct at several stages along the length
of the dryer. Fach duct includes one or more dampers to
control the quantity of air flow to each chamber.

Air 1s passed through an air conditioning system to
achieve a desired water content and a desired air tempera-
ture, prior to connection to the central duct that feeds the
dryer. The air 1s also filtered through a HEPA filter to
climinate contaminants from entering the dryer.

The opposite side of the chamber includes corresponding
exhaust ducts to capture moist air generated from the
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product drying surface. These exhaust ducts also include one
or more air control dampers to control the velocity of the
airflow out of the dryer. The exhaust air 1s flittered through
at least a 5 micron sized filter to avoid any product from
being released into the atmosphere.

By controlling the position of the dampers in the inlet and
exhaust branches, the velocity of the air across the drying
surface can be controlled to a desired set point. Balancing
the blowers and dampers allows the dryer to be maintained
at a slight positive pressure to the environment. This ensures
that the contaminants do not enter the dryer and mix with the
purified and conditioned dryer air.

Application of Product on Drying Belt

Surface tension 1s a measure of a cohesive force that
attracts the molecules of a liquid together, causing the
formation of droplets on a surface. This cohesive force
varies depending on the air or a solid surface that i1s in
contact with the liquid. The present drying system takes
advantage of the diflerence between the surface tension at
the liquid-air iterface and the liquid-solid interface to
determine how the liquid adheres to the drying belt.

According to one embodiment, as the drying belt returns
to the product application side, the vertical portion of the
drying belt rises and re-enters the dryer and 1s brought 1n
contact with a pool of liquid product contained in a trough.
The trough 1s pressed against the belt so that the open side
directly contacts the drying belt. The cohesive force between
the liguid and the solid forms a thin product layer on the
drying belt as it rises and turns horizontal before entering the
dryer. The layer formed 1s of even thickness across the width
of the drying belt.

If the cohesive force between the product and the drying
belt 1s excessive, the product 1s applied as a thick layer that
can adversely impact drying performance. The present dry-
ing system controls or reduces the product thickness using a
knife edge or a restriction at a desired thickness before the
belt enters the dryer. The excess product may either be
spread out evenly by a restriction or removed using a
knife-edge so that the product layer of the desired thickness
enters the dryer.

According to one embodiment, the present drying system
applies a product with poor adhesion to the surface of the
drying belt by sealing a pool of liquid product to the top of
the horizontal portion of the drying belt, just before 1t enters
the dryer. The pool of liquid product 1s held 1n a feeding
container that stretches across the width of the drying belt
whose bottom side serves as a seal against the moving
drying belt. The belt 1s pressed between a flat surface at the
bottom and the four walls of the feeding container. In one
embodiment, the feeding container 1s made of a polymer that
has a hardenability index equal to or less than that of the
drying belt to ensure that the drying belt 1s not cut or
scratched as 1t passes between the bottom flat surface and the
feeding container.

The product 1s applied to the drying belt by adjusting the
height of the wall on the downstream side of the trough
slightly shorter than the remaining three side walls. This
allows the present drying system to deliver a pre-determined
quantity of product to the drying belt, at a predetermined
thickness and evenly distributed across the width of the
drying belt.

According to one embodiment, the present drying system
applies a product with both poor flow characteristics and
poor adhesion to the drymg belt surface by slowly pouring
the product out of a weir or an opening that stretches across
the width of the drying belt at a desired rate. The velocity at
which the drying belt 1s moving and the rate at which the
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product 1s being applied onto the drying belt determine the
thickness of the layer of product.
Removal of Product from Drying Belt

According to one embodiment, the present drying system
apphes a product to the drying belt. The product on the
drying belt travels the length of the dryer through a series of
drying chambers. Heated water circulating underneath the
drying belt heats the product. Evaporated water from the
product 1s removed by a continuous tlow of conditioned air
across the surface of the product on the drying belt. The
dried product adheres to the surface of the drying belt. The
extent with which the dried product adheres onto the belt 1s
dependent on the cohesive forces between the drying belt
and the dried product. While some products weakly adhere
to the belt, others adhere strongly and are diflicult to remove.
The present drying system removes the dried product from
the drying belt by applying a force at an angle against the
direction of the moving drying belt. The removing force 1s
evenly applied across the width of the drying belt.

According to one embodiment, the present drying system
removes the dried product by using a long circular or
rectangular rod below the drying belt (on the non-contact
surface) that has a sharp edge on one side. The rod may be
made of a polymer that has a hardenability index lower than
the drying belt material so as not to scratch the drying belt.
The rounded edge may be made of a material that does not
have any significant deformation when force 1s applied to
remove the dried product. The stiflness of the surface
supporting the drying belt ensures that the product across the
entire surface 1s subjected to the same stress so that even
forces are applied along the drying belt. This ensures that the
drying belt does not begin to slide from side to side under the
shifting resistance oflered by the removing force. In one
embodiment, the present drying system includes one singe
rod or a set of multiple rods 1nstalled side by side to cover
the width of the drying belt.

According to one embodiment, the present drying system
improves release of the dried product from the drying belt by
chulling the drymg belt at a final stage of the drying process.
The difference in the coeflicient of thermal expansion
between the dried product and the drying belt fractures the
adhering forces between the two surfaces. Chilling loosens
the dried product from the drying belt and allows ifor
ellicient removal of the dried product from the drying belt.

According to one embodiment, the temperature of the
chulled water used for cooling the drying belt and the dried
product 1s at least 30° C. below the average drying tem-
perature of the dried product and the drying belt. The present
drying system may further cool the drying belt and the dried
product to a temperature below 30° C., and preferably
between 0° C. and 10° C.

According to one embodiment, the present drying system
includes one or more high volume low pressure fans to
exhaust a reduced volume of high humidity air directly out
of the dryer. The fans eliminate the need for ducting and are
installed with the dryer being properly oriented at an exterior
building wall.

FIG. 8 illustrates an exemplary process for drying a
product, according to one embodiment. The present drying
system applies a product to be dried to an entrance of a
conveyor drying belt at 801. The present drying system heats
the product by circulating heated water or heat transfer fluid
that 1s held 1n a bath below and 1n contact with the drying
belt at 802. The present drying system directs the product
along the drying belt into a first drying chamber of the dryer
at 803. The present drying system provides conditioned air
by de-humidifying, heating and filtering air at 804. The
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present drying system injects the conditioned air through
one or more orifices i a manifold laterally across the
product surface at 805. The manifold 1s positioned above
and parallel to a first length of the drying belt such that the
present drying system injects the conditioned air through the
orifices across the width of the drying belt.

The present drying system controls an air velocity of the
conditioned air in the chamber at 806. The present drying
system exhausts the moisture-laden conditioned air on the
opposite side of the manifold, 1.e., along the second length
of the drying belt at 807. The present drying system deter-

mines 1f a desired dryness for the product has been achieved
at 808. If the product has reached a desired dryness, the
present drying system continues to direct the product along
the drying belt into a subsequent chamber of the dryer at
809. According to one embodiment, the air velocity of the
conditioned air within the subsequent chamber 1s lower than
the air velocity of the conditioned air within the first
chamber. If the product has reached a desired dryness, the
present drying system removes the dried product from the
drying belt at 810. According to one embodiment, the
present drying system removes the dried product by using a
rod below the drying belt, where the rod has a sharp edge on
one side and applies a force at an angle against the direction
of the moving drying belt.

The components of the present drying system include
materials that may be cleaned by using normal food pro-
cessing chemicals and rinsing with tap water, according to
one embodiment. These components of the present drying
system may be easily removed from the dryer as they are
mounted on key slots or studs that allow manipulation by a
user. The air connections to the conditioned air distribution
mamifolds are of a quick disconnect type for easy installation
and removal.

The above example embodiments have been described
herein above to illustrate various embodiments of 1mple-
menting a multi-chamber dryer using adjustable conditioned
air flow has been disclosed. Various modifications and
departures from the disclosed example embodiments will
occur to those having ordinary skill 1in the art. The subject
matter that 1s intended to be within the scope of the present
disclosure 1s set forth 1n the following claims.

The mvention claimed 1s:

1. An apparatus, comprising;:

a moving drying belt configured to receive a product to be
dried on a first surface of the moving drying belt;

a manifold that i1s positioned above the moving drying
belt, wherein the manifold includes one or more ori-
fices that 1nject conditioned air laterally across a width
of the moving drying belt;

one or more screens underneath the one or more orifices
that extend beyond an edge of the moving drying belt
to guide a flow of the conditioned air from the one or
more orifices;

a port for an air pressure gauge used to maintain a positive
pressure ol approximately 16 pascals within the appa-
ratus relative to an atmospheric pressure preventing
contaminants from entering the apparatus; and

a drying chamber through which the moving drying belt
passes, wherein the drying chamber has circulated
water 1 contact with a second surface of the moving
drying belt to heat the product, wherein a temperature
of the circulated water 1s below the circulated water’s
boiling point, and wherein the one or more orifices are
located inside the drying chamber.
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2. The apparatus of claim 1, wherein the manifold 1s
parallel to a length of the moving drying belt, and wherein

the manifold 1s adjacent to a first side of the moving drying
belt.

3. The apparatus of claim 1, further comprising one or
more of a chiller, a solid absorbent, and a compressor to
de-humidily air and provide the conditioned atr.

4. The apparatus of claim 3, further comprising a particu-
late air filter to filter the de-humidified air and provide the
conditioned atr.

5. The apparatus of claim 2, further comprising a duct to
discharge conditioned air, wherein the duct is parallel to the
length of the moving drying belt and adjacent to a second
side of the moving drying belt.

6. The apparatus of claim 1, further comprising a cover
that covers and provides an adjustable headspace above the
moving drying belt, where the manifold 1s positioned
between the cover and the moving drying belt.

7. The apparatus of claim 6, wherein the drying chamber
provides one or more of an idependently controlled air
velocity, an independently controlled humidity, an indepen-
dently controlled water temperature, and an independently
controlled air temperature.

8. The apparatus of claim 6, wherein the cover includes
multi-wall poly carbonate panels.

9. The apparatus of claim 1, wherein the one or more
orifices provide an 1incident angle of the mnjected conditioned
air of at least 40 degrees from the first surface of the moving
drying belt.

10. The apparatus of claim 1, wherein the one or more
orifices 1nject the conditioned air at one or more of a desired
pressure and with a desired air volume based on one or more
of a type of the product, a moisture content of the product,
and a dryer configuration.

11. A method, comprising;

placing a product to be dried on a first surface of a moving

drying belt;

drying the product by passing the product on the moving

drying belt through a drying chamber;

maintaiming a positive pressure ol approximately 16 pas-

cals within the drying chamber relative to an atmo-
spheric pressure preventing contaminants from enter-
ing the apparatus using an air pressure gauge 1n a port

of the drying chamber;
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contacting a second surface of the moving drying belt
with circulated water to heat the product, wherein a
temperature of the circulated water 1s below the circu-
lated water’s boiling point; and

injecting conditioned air through one or more orifices 1n

a manifold, across one or more screens that extend
beyond an edge of the moving drying belt, and laterally
across a width of the moving drying belt to remove
evaporated water from the dried product, wherein the
one or more orifices are located inside the drying
chamber.

12. The method of claim 11, further comprising providing
conditioned air by one or more of de-humidifying air,
heating the de-humidified air, and filtering the heated atr.

13. The method of claim 12, wherein de-humidifying air
1s based on using one or more of a chiller, a solid absorbent,
and a compressor.

14. The method of claim 12, wherein filtering the heated
air 1s based on using a particulate air {filter.

15. The method of claim 11, further comprising discharg-
ing the injected air using a duct, where 1n the duct 1s parallel
to a length of the moving drying belt and adjacent to a side
of the moving drying belt.

16. The method of claim 11, further comprising adjusting
a headspace between a cover and the moving drying belt to
control a quantity of the imjected conditioned air.

17. The method of claim 16, further comprising indepen-
dently controlling one or more of an air velocity, a humidity
and an air temperature of the injected conditioned air within
the drying chambers.

18. The method of claim 17, wherein controlling the air
velocity of the injected conditioned air comprised one or
more of opening an orifice, closing the orifice, and varying
an opening size of the orfice.

19. The method of claim 11, further comprising providing
an incident angle of the 1injected conditioned air through the
one or more orifices of at least 40 degrees from the first
surface of the moving drying belt.

20. The method of claim 11, further comprising 1njecting
the conditioned air at one or more of a desired pressure and
with a desired air volume based on one or more of a type of
the product, a moisture content of the product, and a dryer
coniiguration.
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